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THE  EFFECT  OF  BLADE-SECTION  THICKNESS  RATIOS  ON  THE  AERODYNAMIC 
CHARACTERISTICS  OF  RELATED  FULL-SCALE  PROPELLERS  AT 
MACH  NUMBERS  UP  TO  0.65  1 


summary 

The  results  of  an  incestigation  of  turn  !  O-foot-diameter,  hn>- 
blade  AVU  VI  propeller*  art  presented  for  a  range  of  bind*  angle * 
from  fO°  to  o.5°  at  airspeet!*  up  to  500  mite s  per  Aour.  These 
results  are  com /pared  with  those  from  preriou *  ini'estigations  of 
fir *  related  AVUV1  pro Iters  in  order  to  e  ml  note  the  effect s  of 
blade  -faction  thickness  ratios  on  propeller  aeroehynamic  char¬ 
ade  ri sties. 

The  enrehepe  efficiencies  of  all  the  XI/  Vl  profilers  are  high 
at  the  barer  rotational  speeds  at  which  the  adrerse  effects  of 
compressibility  are  small.  The  highest  efficiencies,  about  OS 
percent  at  a  helical  tip  Mach  number  of  Oft  and  Sft  /percent  at  a 
helical  tip  Mach  number  of  /./,  reflect  the  imjmrtance  of  using 
thin,  efficient  airfoil  sections  throughout  the  blade.  Few  pro - 
/ teller  o iteration  at  constant  rotational  speed  and  /merer  at 
helical  tip  Mach  numbers  behnrO.S,  a  reduction  in  blade -se  ct  iem 
thickness  from  tf  to  S  percent  at  the  0.7 -radius  statiem ,  or  a/p- 
preefimatehy  one-third  all  along  the  radius,  results  in  geiins  in 
propeller  efficiency  up  to  JO  /percent. 

’The  maximum  efficiency  of  a  pro /teller  o/h  rating  at  a  helical 
tip  Mach  number  of  /./  and  Mach  number  of  enhance  of  OMf5 
may  be  increased  approximately  fO  percent  by  retiming  the 
blade -section  thickness  fntm  If  let  5  /percent  at  the  0.7 -radius 
statiem.  At  this  same  cone/itiem  of  o/h  ration  for  pro /tellers 
haring  blade -sectiem  thicknesses  bettreen  If  anti  S  /nrcent  at 
the  0.7 -radius  station,  the  maximum  efficiency  increases  approx¬ 
imately  f  percent  few  each  decrease  in  thickness  of  /  /nrcent  tit 
this  station .  For  blade-sect iem  thicknesses  between  S  and  5 
percent  at  the  0.7 -melius  statiem ,  the  rate  of  increase  in  pro¬ 
peller  efficiency  with  reductions  in  blade-section  thickness  is 
smaller ,  but  further  reductions  in  thickness  may  still  i m prore 
the  maximum  efficiency  of  pro/eelfers  o/pe rating  at  hie/h  forward 
/?,  / s /weds  trith  helical  tip  Mach  numbers  as  high  as  t .1 . 

INTRODUCTION 

A  general  in  ves  ligation  of  I  In*  aerodynamic  characteristic* 
of  a  series  of  full-scale  1 0-fool -diameter  propellers  at  air¬ 
speeds  up  to  500  miles  per  hour  has  Iwen  made  in  the  laiuigleY 
10-foot  high-speed  tunnel.  The  piir|>osc  of  this  investigation 
was  to  determine  the  combined  influence  of  propeller-design 

1  !*u|NY«<|r<  I  hr  r«v*>nHv  i|whM|llr»|  VAC*  A  HM  l.#IW,  "Thr  Klfrrt  <>f  Hit'll -Swrnm  T 
.Viimhrr*  up  hi » •i'"  hy  iiilisn  I)  Msynsril  sml  miymmir  Strinherr.  HMfl 


i  parameters  and  iiir  romprrssiliility  upon  propeller  perform- 
j  mice.  Tin*  liladr  dcsitnis  emhndy  variations  in  sliank  form, 
liladr  airfoil  si*i*tioli.  desitoi  lift  coefficient  or  rainlii-r,  liladr 
width,  and  blade  thickness  ratio.  Most  of  the  blades  have 
i  thr  hitrh-i  ritiral-sprrd  XACA  I  ti-si*rn*s  airfoil  sort  ions  (ri*f.  I) 
anil  liavt*  lu*i*n  < I i*r*ifrin‘i I .  without  consideration  of  rompressi- 
hility  effects.  for  a  minimum  induced -energy  loss  when  opera  t- 
inir  as  four-blade  propi-llrrs  at  an  advance  ratio  of  2.1  ami  a 
j  tilaih*  ant'll*  “f  45°  at  tin*  0. 7-radius  station. 

Tin*  primary  rffi*i*ts  of  hlaili*-s<*rlion  camber  on  propi*lli*r 
performance  hast*  l«*i*n  pri*si*nti*il  in  ri-fi*n*iu*i*  2.  ami  tin*  data 
showing  tin*  rhurnrteristirs  of  otln*r  related  propellers  in  thr 
scries  have  been  pri*si*nli*d  in  ri*fi*ri*ni*i*s  .t  to  !*.  This  rr|Hirl 
pri*si*iits  tin*  aerodynamic  ehnraet erist ii*s  of  two  propellers 
and  extends  tin*  i  i Vest  itfat  ion  of  related  propi*lh*rs  to  include 
tliosi*  havint;  thick  a  ss  ratios  ns  low  as  tl.tl'i  at  tin*  0.7-radius 
station.  Tin*  purposi*  of  tin*  report  is  to  make  a  I'oniparison 
of  tin*  performance  data  for  ihi*si*  two  pro)>i*lh*rs  with  thr 
data  contained  in  ri*fi*ri*ni*i*s  :l.  5.  7.  and  x  in  ordrr  to  atford 
1  an  evaluation  of  till*  rlfi'i  ts  of  hhnh'-si'i'tion  thickness  ratio 
j  on  propeller  aerodynamic  rhanu*ii>riati<*a. 

Tin*  thirknrss  ratio  of  propeller  liladr  sort  ions  is  of  inrreas- 
iit|t  importance  in  tin*  drsij;  i  of  propi-llrrs  for  hit'll  sprrils 
hrrausr  of  thr  roiupromisr  whirli  must  hr  madr  hrtwrru 
slrurtural  rripiirrmrnts  and  tin*  re'iuiremcnts  for  thin  IurIi- 
rritical-specd  sections  which  arc  necessary  to  avoid  excessive 
|  rompri*ssihility  losses,  (''impressibility  effects  have  lout; 
lirrn  known  to  runsr  rndiral  rhaiip-s  in  thr  rharartrristirs  of 
thr  sort  ions  alont'  a  pniprllrr  liladr.  and  a  lark  of  suitalilr 
airfoil  sertion  rharartrristirs  at  thr  pri*srnl.  tiini*  has  madr  it 
necessary  to  rvaluatr  hy  mrans  of  propeller  tests  thr  elferl 
of  hludr-srrt ion  thirknrss  ratio  lljHin  )>roprllrr  prrformanre. 

SYMBOLS 

H  iiumhrr  of  hliides 

b  liladr  width,  ft 

C».  propeller  |Hiwrr  iurllirirnt,  /’  pit'll 

(  r  propeller  thrust  rorlfirirnt,  T  pn‘l>' 

clit  bhuic-sretion  drsijpi  lift  coefficient 

1/  propeller  diameter,  ft 

Irk in*v  Rallm  mi  l In  A»-rm|> iimiiit'  C 'hHT;M  l<  rWtu-s  »(  Riklol  hill-Smli*  I'mfw'Ut-rs  M  Mu  h 


2 


HEPORT  1126  NATIONAL  ADVISORY  COMMITTEE  KOR  AERONAUTICS 


h 

J 

M 


M, 


li 

r 

r 

i: 

T 

r 

i 

d 

&I  7  Ml 

n 

it 

p 

a 


blade- section  maximum  thickness,  ft 
propeller  advance  ratio,  V/hH 
Mach  number  of  a<lvanee 

•+(JV 

propeller  rotational  speed,  rps 
power  absorbed  by  propeller,  ft-ll>  see 
radius  at  any  blade  section,  ft 
propeller  tip  radius 
propeller  thrust,  lb 
velocity  of  advance,  fps 
fraction  of  propeller  tip  radius,  r  II 
blade  an^le,  deg 

blade  angle  at  0.75-radius  station,  deg 

propeller  efficiency,  J  yf 

induced  efficiency 

mass  density  of  air,  slllgs/cu  ft 

solidity.  II  j-  ri 

APPARATUS 

raorELLRa  dynamometer 


helical  tip  Mach  number, 


Photographs  of  the  2.000-horsepower  dynamometer  ill  the 
lest  section  of  ihc  lamglev  lti-f<Hit  high-speed  tunnel  with  j 
the  tunnel  open  and  closed  are  shown  in  figures  I  anil  2.  | 
respectively.  A  diagram  showing  the  important  dimensions  j 
of  the  propeller  dynamometer  and  its  location  with  res|>eot  to  j 
the  test  sis- lion  is  presented  as  figure  ,'t.  A  detailed  descrip-  i 
lion  of  all  the  tisit  apparatus  and  the  methods  of  measuring 
thrust  and  torque  are  presented  in  reference  5.  The  fairing  | 
profile  was  caleulated  fmtii  a  distribution  of  sources  and  sinks  i 
to  produce  a  IhhIv  of  revolution  with  uniform  axial  velocity  j 
in  the  plane  of  the  propeller.  This  axial-velocity  distribution  j 
has  been  checked  experimentally  and  found  to  lie  uniform  > 
within  1  percent.  The  gap  between  the  propeller  blade  and 
the  spinner  surface  at  the  propeller  blade-spinner  juncture  is  | 
very  small  (tig.  It  but  is  not  scaled. 

raoCEU.EB  BLADES 

The  two  propeller*  for  which  data  are  presented  in  this  report  ! 
are  the  XACA  1ft  (5t(0C>2)  045A  and  XACA  10  CD (05  )  045.  j 
The  XACA  di-sign  numltcrs  are  descriptive  of  the  shape,  j 
size,  and  aerodynamic  characteristics  of  the  blades  used  in  i 
this  investigation.  The  first  group  of  digits  represents  the 
propeller  diameter  in  feet,  and  the  remaining  grou|»  of  digits 
indicate  the  design  lift  coefficient,  thickness  ratio,  and 
solidity  per  blade  at  the  0.7-radius  station.  The  following 
table  shows  the  blade  design  mini  tiers  of  the  various  propel¬ 
lers  discussed  ill  this  report  and  also  shows  the  significance 
of  the  groups  of  digits  in  the  numlicr  designation: 
r  1 

V  V.%  «l**wt*n  mimbrr  /.* 


|IF  I  .it '(Mi  411 
III  MKI»>4MK 
Ul  Ul'IJ'  40 
|l>  f.|.(Hfti-4HA 
III  (  IKIMOt  4 HA 

In  »**% 

m  ciiflMt  <H.'» 


ii  ,i  n  m  (i  id 

t  in  Id 

li  .  id 

;  ii*i  <  HA 

t  IH2  i  HA 

.  I  IRV2  IMA 

.  ,1  in  nIA 


The  suffix  K  indicates  a  blade  having  conventional  round 
shunk  sections,  anil  the  suffix  A  indicates  a  blade  with  modi¬ 
fied  shank  sect  ions.  The  X  AC  A  I  (i-seriro  blade  sect  ions  were 
used  for  ail  the  propellers  listed  in  the  table,  and,  with  the 
exception  of  the  XACA  10-(5)(08)  05 R  blade,  wide  airfoil 
sections  extend  to  the  spinner.  The  spinner  has  a  diameter 
equal  to  21.7  percent  of  the  diameter  of  a  10-foot  propeller. 

Figure  4  shows  the  blade-form  curves  for  the  XACA  pro¬ 
pellers  having  a  solidity  of  0.05  per  blade  at  the  0.7-radius 
station,  and  figure  5  shows  a  comparison  of  the  blade  sections 
uf  two  radial  slat  ions  for  the  same  group  of  propellers.  The 
blade  designs  are  closely  related,  hut  two  of  the  propellers  of 
this  group  diRer  not  only  in  thickness  but  also  in  distribu¬ 
tion  of  section  design  lift  coefficient,  blade  width,  and 
pitch  distribution.  These  differences  between  the  XACA 
10  (5)«W)  05  and  XACA  10  (5)(08)  05R  blades  are  the 
result  of  an  effort  to  maintain  the  loading  for  minimum 
induced-energy  loss  as  far  inboard  as  |*>ssible  on  the  round- 
shanked  blade  The  XACA  10  (5)(12)  <)5  blade  has  the 
same  radial  distribution  of  blade-section  design  lift  coefficient . 
the  same  blade  width,  and  approximately  the  same  pitch 
distribution  as  the  XACA  It)  (5 1 (OH) -05  blade,  but  its 
thickness  is  greater  at  all  radii. 

Figure  tl  shows  the  blade-form  curves  and  figure  7  shows 
the  blade-section  comparisons  for  the  group  of  propeller* 
having  a  solidity  of  0.045  per  blade  at  the  0.7-radius  station. 
The  propellers  of  this  group  have  the  same  radial  distribution 
of  blade-section  design  lift  coefficient .  the  same  blade  width, 
and  approximately  the  same  pitch  distribution.  The  XACA 
10  (5) (002 1 -045  design  has  the  thieki'st  shank  sections  of 
this  group,  although  its  outboard  sections  are  considerably 
thinner  than  those  of  the  XACA  10  (3 1  (OK)  045  design 
The  XACA  I0-(SM062M)45A  design  was  made  by  simply 
thinning  the  shank  sections  of  the  XACA  10  (5)(062> -045 
blade  until  they  had  the  same  thickness  as  the  XACA 
10  -(5K0H)  1)45  design  at  the  spinner;  the  thickness  of  the 
sections  between  the  spinner  anil  the  0.7-radius  station  was 
obtained  from  a  faired  line  between  these  two  stations.  The 
XACA  10  (3 ) (05 1  045  design  was  made  by  thinning  the 
sections  of  the  XACA  I0-(S)(0<>2)  045  blade  until  the  sec¬ 
tions  at  the  spinner  and  tip  had  the  same  thickness  as  the 
XACA  10  (5 ) (0ti2 1  045A  blade,  bill  the  sections  between 
these  two  stations  were  made  thinner. 

TESTS  AND  REDUCTION  OP  DATA 

Thrust,  torque,  and  rotational  speed  were  measured  during 
tests  at  fixed  blade  angles  of  20°.  25°,  50°.  55°.  40°,  45°.  50°. 
and  55°  at  the  0. 75-radius  (45-in. I  station.  A  constant 
rotational  speed  was  used  for  most  of  the  tests,  and  a  range  of 
advance  ratio  was  covered  by  changing  the  tunnel  airspeed, 
which  could  be  varied  from  bImiiiI  00  to  500  miles  per  hour. 
The  range  of  blade  angles  covered  at  the  various  rotational 
speeds  used  in  the  tests  of  the  XACA  10  (5K  002  I  045A  and 
XACA  10  (5t(05l  045  propellers,  together  w  ith  figure  num¬ 
bers.  is  shown  in  table  I.  Similar  information  is  also  shown  in 
table  I  for  the  other  propellers  iis  taken  from  references  5.  5. 
7.  and  H.  For  the  higher  blade  angles,  the  complete  range  of 
advance  ratio  could  not  lie  covered  at  the  higher  rotational 
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speeds  because  of  power  limitations.  In  order  to  obtain 
propeller  characteristics  al  maximum  tunnel  airspeeds,  a 
blade  angle  of  45°  was  chosen,  for  which  I  lit*  peak-efficiency 
operating  condition  could  lie  attained  when  the  tunnel  air¬ 
speed  was  at  or  near  the  maximum  and  the  dynamometer  was 
operating  at  its  maximum  power  and  rotational  speed .  Kor 
these  tests  at  a  blade  angle  of  45°,  the  rotational  speed  was 
varied  to  obtain  data  from  the  peak-efficiency  conditions  to 
the  xero-tonpie  operating  eondition. 

The  test  data  have  liccn  corrected  for  tunnel-wall  interfer¬ 
ence  and  for  forces  acting  on  tin-  spinner  by  the  methods 
dcscrilied  in  reference  3  and  are  presented  in  the  form  of  the 
usual  thrust  and  power  coefficients  and  propeller  efficiency. 
Propeller  thrust,  as  used  herein,  is  defined  as  the  shaft 
tension  caused  by  tbc  spinner-lo-tip  part  of  the  blade  rotating 
in  tin-  air  stream.  Tests  were  frequently  repealed  during  the 
investigation,  and.  for  purposes  of  comparison,  the  data  are 
considered  accurate  w  itliin  I  pen  cut  and  the  faired  envelopes 
are  believed  to  be  accurate  within  much  closer  limits. 

RESILT8  AND  DISCI  SSION 

Faired  curves  of  thrust  coefficient.  power  coefficient,  a  id 
propeller  efficiency  plot  ted  against  advance  ratio  are  presented 
in  figure*  K  to  IK  for  the  two-blade  NAC.V  III  ClKDK'J)  045.V 
propeller  and  in  figures  17  to  2d  for  the  two-blade 
N'ACA  ID  i.'lKlldi  D4d  propeller.  Test  points  are  shown  on 
the  tiguri-s  giving  thrust  and  power  coefficients.  The  varia¬ 
tion  of  Much  Windier  of  advance  and  helical  lip  Much 
number  with  advance  ratio  is  shown  in  the  figures  giving 
propeller  efficiency 

rrrroT  or  BLumc-an-rios  thicknkmh  »*tio  on  ro  tum  amcirscr 

Figure  2(5  presents  a  comparison  of  the  cnvcl»|M>  efficiencies 
of  NAC.V  pro|H‘llers  ID  CtltOHl  tt.t.  ID  CDIDSI  IWR.  anil 
III  Id  it  12 1  Dd  ( refs.  d.d.  and  si  al  the  various  rotational  speeds. 
The  thinnest  blade  of  this  group.  N'ACA  III  (dl(IIS)  Dd. 
mainlains  an  envelo|ie  efficiency  of  over  0,00  lliroiigboiil 
the  range  of  advance  ratio  of  the  tests  al  rotational  speeds 
of  1.140.  l.d.Vl.  and  1.000  rpm.  Al  these  rotational  *|>ccda 
and  al  the  design  value  of  advance  ratio.  2.1,  the  N'ACA 
ID  iditONi  Dd  propeller  is  from  2  to  d  percent  more  efficient 
than  the  round-shanked  propeller.  NAC.V  ID  (dlttlSi  OdK. 
and  from  I  d  to  d.d  |M>reenl  more  efficient  than  the  NAC.V 
III  Kill  I2>  tld  propeller.  Al  the  higher  rotational  speeds 
(2,0011  and  2.100  rpm >  the  eltvelo|>e  efficiencies  of  all  three 
propellers  lire  reduced.  The  propeller  w  ilh  the  thinnest  blade 
sections  suffers  tbe  least  reduction  in  envelope  efficiency, 
whereas  the  pinpcllcr  with  the  thickest  outltoard  blade  sec¬ 
tions  suffers  (be  greatest  loss  in  envelope  efficiency .  At  2.I0D 
rpm  and  an  advance  ratio  of  0.00.  the  envelope  efficiencies  of 
the  NAC.V  ID  CHIOS)  OdK  and  NAC.V  10  01X12)  (Id  pro¬ 
pellers  are  lower  by  4  and  12  percent,  respectively,  than  the 
envelope  efficiency  of  tbe  N’ACA  10  (d)(DH)  (Id  pro|M'ller. 
These  difference*  in  cnvrlo|ic  efficiency  at  the  higher  rota¬ 
tional  speeds  may  be  attributed  to  compressibility  effects, 
which  generally  lower  the  lift-drag  ratios  of  thick  blade 
sections  at  high  sect  ion  Mach  numlicr*. 

In  figure  2(1  (b>  the  envelope  efficiencies  of  the  NAC.V 
propellers  in  the  D.Od-solidity  group  are  romparisl  with  the 
induced  efficiency  of  n  two-blade  propeller  with  the  lie!/. 


I  loading  for  minimum  induced-energy  loss.  This  curve  of 
!  optimum  efficiency  was  calculated  by  a  method  neglecting 
all  profile-drag  losses  (ref.  ID)  for  a  two-ldade  propeller 
operating  at  the  same  values  of  |Niwcr  coefficient  as  were 
ohtaimal  with  the  NAC.V  ID  (d)(0Kl  Dd  propeller.  Although 
the  |>owcr  coefficient*  for  maximum  efficiency  are  slightly 
j  different  for  the  three  propellers  in  this  group,  the  values  of 
!  induced  efficiency  mny  be  considered  accurate  within  aland 
1  percent  for  all  three  propellers.  At  the  design  value  of 
■  advance  ratio.  2. 1 ,  the  induced  losses  amount  to  alsiut  4  per- 
J  cent  and  the  profile-drag  lossi-s  amount  to  d  | (credit  for 
the  NAC.V  ID  (31(0X1  Dd  pm|>cllcr.  At  this  same  design 
value  of  advance  ratio,  the  profile-drag  losses  of  the  N’ACA 
ID  (:t)(0K)  OdK  and  NAC.V  ID  td)(l2)  Dd  propellers  are 
nliout  twice  as  great  as  those  of  the  pm|(cllcr  having  the 
thinner  blade  sections.  The  higher  efficiency  of  the  N’ACA 
ID  Id  HON)  (Id  pm|M’llcr,  alsiut  Dd  percent  at  a  helical  lip 
Much  number  of  D.D  and  S4  percent  al  a  helical  lip  Mach 
numiM-r  of  !.!,  reflects  the  itn|s>rtanee  of  uaing  thin,  efficient 
airfoil  sections  throughout  the  blade, 

A  comparison  of  the  envelope  efficiencies  of  the  N’ACA 
propellers  in  the  0.045-solidity  group  is  shown  in  figure  27 
for  various  rotational  spctsls.  Again,  the  thinnest  blade. 
NAC.V  ID  Cl)<05l  045,  of  the  group  has  the  highest  effi¬ 
ciency  .  and  the  envelope  efficiencies  of  all  the  propellers  un¬ 
reduced  at  the  higher  rotational  speeds.  Only  small  differ¬ 
ences  exist  in  the  envelope  efficiencies  of  the  N’ACA 
ID  (3K05)  045  and  NAC.V  III  (di<(lli2l  (MSA  propellers, 
although  the  blade  sections  of  the  latter  propeller  are  thicker 
at  all  radial  stations  except  at  the  shank  and  at  the  tip. 

I  The  fact  that  the  thinner  blade  sections  of  the  NAC.V 
ID  id  1(05)  045  pmpeller  do  not  improve  its  efficiency  much 
alaive  that  «f  the  N’ACA  III  ldl«Mi2l  045A  pmpeller  may 
possibly  be  exphiimsl  by  the  slightness  of  tbe  improvements 
in  the  lift-drag  ratios  of  the  thiiun-r  blade  sections.  Figure 
14  of  reference  II  shows  that  there  is  little  difference  in  the 
lift-drag  ratios  of  ti-  alnl  D-pereent -thick  sections  (IK  dxx 
1  airfoils)  at  lift  coefficients  up  to  11.4.  Since  a  large  portion  of 
the  rudint  load  is  perhaps  carriisl  by  the  blade  sections  of  the 
I  NAC.V  propellers  having  a  thickness  of  D  percent  or  less,  a 
i  reduction  in  thickm-ss  from  (5.2  to  5  percent  at  the  II. 7-radius 
station  mighf  be  cxpcelisl  to  cause  only  small  changes  in  the 
propeller  efficiency.  This  result  is  perhaps  true  for  the 
!  conditions  of  operation  under  which  the  tests  were  made; 

I  however,  the  differences  in  efficiency  between  tile  two 
I  propellers  may  be  greater  at  Mach  numbers  of  advance 
higher  than  those  used  in  these  tests.  If  higher  Mach 
numbers  of  advance  and  lower  rotational  spcisls  bail  been 
i  used  to  attain  the  helical  tip  Mach  numbers  shown  in  the 
figures,  greater  |Mirtio)is  of  the  blades  would  be  stihjcclisl 
)  to  the  effects  of  compressibility.  Since  the  airfoil  data  in 
reference  II  show  that,  in  general,  the  thinner  sections  have 
the  higher  lift-drag  ratios  at  the  higher  Mach  numbers,  a 
reasonable  assumption  would  be  that  the  propeller  having 
the  thinner  blade  sections  along  tbe  radius  would  have 
smaller  efficiency  losses  due  to  compressibility.  The 
!  envelope  efficiencies  of  the  NAC.V  ID  ( 51 1 < IM»2 1  D45  and 
I  N'ACA  ID  Cl  KIWI  045  propeller*,  which  hail  the  thickest 
|  blade  sections,  arc  from  1.5  to  4  percent  lower  (ban  ilia 
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envelope  efficiencies  of  I  lif  thinnest  propeller  in  I  Ilf  0  .(445- 
solidity  group. 

Tlif  iiului-fil  fHififiif  v  has  been  calculated  from  tlif  value* 
of  powt'r  coefficient  oliiaiiuil  for  fa«4i  of  tlif  NAC'A  pm- 
pellrrs  in  thf  0.045-solidity  group,  ami  tlif  rurve  showing 
imliiffil  efficiency  iu  tiguri*  27  (In  may  lie  considered  accurate 
within  alNiut  1  prrrfnt  for  all  four  pniprllcrw.  At  tlif  design 
value  of  ailvanrr  ratio.  2.1.  tlif  curves  in  tiguri'  27  (In  show 
that  tlif  iiitlurnl  losses  amount  to  about  5  percent  ami  the 
profile-drag  losses  amount  to  only  2  prri'fiit  for  tin*  N  AC  A 
pro|H'llfr  having  tlif  thinnest  hlailf  sections.  Tin-  NA(’A 
IP  (3>(0Ni  045  propi'llfr.  which  has  tlif  lliirki-st  nullsiard 
hlailf  sii'tioiis  in  this  group.  sutTi'rs  tlif  gn-atfst  profile-drag 
loss  < alxxit  4  prrrflltl. 

Tin-  i*nvflo|H*  efficiencies  of  all  thf  NACA  propi-lli-rs  in 
ImiiIi  soliilily  gniups  art-  very  high,  anil  tlif  ilitTfri'iiffS  iu 
efficiency  Ih'Iwii'ii  tin-  various  pmpi'llt'rs  of  i-afli  group  arc 
small  anil  ilithi-ult  to  analyze  for  sotiif  fomlitious  of  opcra- 
t ion  Whf re  thf  ilitfi'ri'iii-fs  in  efficiency  art'  small,  the 
ri'lalivi*  differences  in  thrust  ami  power  coefficients  art1  also 
small,  anil  it  is  ilittii'iilt  to  draw  any  gfiifral  foiifliision  as  to 
whfthrr  a  loss  in  ftlififiifv  is  rnusfil  hv  a  loss  of  thrust  or  an 
iurrrast'  of  power.  or  both. 

rm  it  or  THicaNna  at  no  on  i'onktant-iniw  br 
pbopkllcb  opaatnoN 

Airplatif  pro|N'llfrs  oflfii  operate  ovit  an  extensive  raugf 
of  ailvani'f  ratio  at  i-onstaiit  rotational  sjiecd  ami  loirpir. 
Since  hhiilf-sfi'lion  thirkiifss  ratio  alfffts  l  In-  powct- 
alisorplion  iptalitifs  of  a  pro|n-llcr  to  snnif  extent.  tlif  ilata 
for  tlif  XAf'A  pn>|H'llfrs  liavo  Is-cn  roiiipnn'il  in  tiguri'  2*  for 
o|H'ration  at  a  intistatit  power  fiM'llififtit  of  0  15  ami  a 
rotational  s|H-fil  of  1.140  rpm.  This  fonililion  of  o|M'ration 
may  Is-  considered  representative  for  two-hlndc.  I  (Moot  - 
iliami'tfr  pro|M'llfrs  ami  provides  a  rrasonalilf  liasis  of  cotn- 
parison.  An  intfri-sling  oliscrvutinn  in  tiguri'  2*  la)  is  that 
tlif  ilmp  in  efficiency  orrurs  at  a  lower  value  of  ailvatiff  ratio 
hill  is  more  grailual  for  tlif  muml-shankiNl  propi-Hrr  than  for 
thf  NACA  10  Kill  12 >  04  prn|icllcr.  w  hich  ha*  thinner  shank* 
loti  thifki'r  oullsianl  hlailf  seel  ions  than  tlif  muml-shankcil 
propeller.  At  ailvatiff  ratios  alaivc  5.2.  the  thifki'r  oul- 
Isianl  sections  of  tlif  NACA  10  f5>(l2)  04  pro|H'lli'r  ap|N'ar 
to  eanse  greater  efficiency  losses  than  the  lliiek  shank  sect inns 
of  the  NACA  10  (.'lilOXi  04 K  prnpeller.  However,  the  gain 
in  ftlififiii-y  of  alsmt  10  imtit'IiI  at  an  ailvatiff  ratio  of  4.2 
l.l/=  0.54 1.  which  may  lie  realized  hy  using  the  thiiiuer 
hlailf  sfftions  of  the  NACA  10  (4>{0Hi  04  propeller.  shoiihl 
Im'  emphasized.  A  risliifl mn  in  hlaile-sret inn  thickness  from 
12  to  *  peri'fiit  at  the  11.7-radin*  station,  or  approximately 
oni'-thinl  all  along  the  ratlins,  resiilleil  in  gains  in  pm|M'ller 
efficiency  up  to  III  prrrent;  also,  a  ri'ilitftion  iu  thifkiu-ss  of 
only  the  inlmard  hlailf  arrlinns  (from  40  to  14  Iterrellt  at 
thf  0.4-railitis  statiotii  resulliNl  in  gains  iu  propeller  ftrifii'tiey 
up  to  10  pern'tit. 

The  efficiencies  for  constant-power  operation  of  the  pm- 
pellers  in  the  0.045-soliilily  gmup  are  mtnpareil  in  ligure 
2*  (h).  The  ilifTerenees  in  ftlifieney  of  the  pro|>cller*  in  this 
group  ilo  not  amount  to  more  than  4  prrernl.  ami  these 
efficiencies  appear  to  Is-  alsmt  espial  at  laith  the  lowi-sl  anil 
highest  values  of  ailvanee  ratio.  The  single  exeeption  is 


j  the  propi'ller  wliifli  has  the  thiekeat  shank  sts'lions.  NACA 
|  10  (41(002  )  045;  at  the  highest  value  of  ailvanee  ratio  (5.5). 

!  the  efficiency  of  this  pro|>ellfr  is  alsmt  2  permit  less  than 
i  the  efficiency  of  thf  other  tlins'  propellers.  The  eurves  in 
figure  2K  < h )  show  that  a  mine! ion  iu  blade-section  thickness 
of  only  the  oullsianl  hlailf  sections  (fnim  K  to  5  pen-ent  at 
the  0.7-railius  station)  resulted  in  gains  in  propeller  fflieienry 
up  to  4  pen-ent.  Thi>sf  impnivi'iiifiits  in  elfififiiey  ap|s-ar 
to  Is-  limitisl  to  the  range  of  ailvanee  ratio  for  which  the 
pnipeller  is  ilesigmsl.  The  helical  tip  Mach  liunils'r  of  the 
NACA  pn>|s‘llers.  however,  iliil  not  eXeiNsI  O  N  for  the  inn- 
ililions  of  o|S'ration  shown  in  ligun'  2N. 

Figures  211  ami  40  have  Is-en  prepared  to  emphasize  the 
importance  of  hlailf -seel  ion  thickness  in  the  ilesign  of  pro- 
|S'llers  to  operate  at  airspeeds  when-  the  tip  Mach  nunilH'ra 
an*  Is'low  the  critical  value.  Figure  20  shows  the  effect  of 
airs|Hfil  on  the  iliffen'iice  in  efficiency  ls-1  wisti  the  NACA 
10  <5)(0Ki  04  anil  NACA  10  <4 K 1 2 >  (1.4  twn-hlaile  pni|N'Mem 
w  hen  operating  at  a  constant  |smer  ciM'llicient  of  0.15  ami  a 
.  constant  pnipellfr  nitational  s|hhsI  of  1.140  rpm.  The 
thinner  hlaile  MN'liotis  of  the  NACA  10  l.'tKONi  04  pni|M'ller 
flhs-t  an  increase  in  ellieieiiey  of  III  |wrccnl  with  an  inen-ase 
iu  nirsiH-isI  fnim  alsmt  201)  to  420  miles  |s-r  hour.  The 
isirres|sniiling  change  in  helical  lip  Much  uunils'r  is  fnim 
0.04  to  0.70  as  shown  ill  ligun-  20.  Figiin-  40  shows  the 
effect  of  airntsssl  on  the  difference  ill  ellieieiiey  lietweell  the 
NACA  10  1 4 1 1 05 1  045  ami  NACA  HI  (4i(0Ki  045  two-hlaile 
pni|N'llers  when  n|s'raling  at  a  constant  |siwer  isN-flicient  of 
0.15  ami  a  constant  nitational  spissl  of  1.140  rpm  The 
thinner  oullsianl  hlaile  sections  of  the  NACA  III  <4l(05i  045 
pnipeller  cffis-t  an  increase  in  efficiency  of  4  |S'n-cnl  with  an 
inen-ase  iu  airs|sssl  up  to  220  miles  per  hour,  hut,  fnnn  220 
to  400  miles  |st  hour,  the  Is'iieficial  effis-ts  of  the  thinner 
hlaile  ■metiiilis  an-  gradually  lost  Appnn-ntly.  the  thicker 
oullsianl  lilade  sis-lions  of  the  NACA  10  (4)(0NI  045  pm- 
pcllcr  cun  carry  their  loads  just  as  efficiently  as  the  lliinner 
sect  ions  of  the  NACA  10  <4><llA>  045  pni|s'ller  at  an  airs|s'isl 
of  400  miles  |s-r  hour.  The  helical  tip  Mach  mimlsT  at 
this  airs|s'isl  is  only  O  N.  and  Is'iieficial  effeets  of  the  I  limner 
hlaile  sections  might  jsissihly  ap|H-ar  for  iliffen'iil  radial 
■list rihut ions  of  sis-tiou  Mach  numls-r  None  of  the  NACA 
pni|M'llers  was  designed  to  operate  at  advance  ratios  as  high 
as  4.2;  conseipienlly.  higher  ellil'ielicies  might  Is-  expected  at 
the  higher  Valin's  of  advance  ratio  Iss-aitsi'  of  different  pilch 
•list  rihut  ions.  Since  the  sii|ieriiiniv  of  the  thinner  oullsianl 
hlaile  sin- lions  appears  principally  m  the  range  of  advance 
ratio  for  which  the  pnipeller  was  designed,  siilislantial  gams 
in  efficiency  Ihmugli  the  use  of  thinner  millsianl  hlaile  sec¬ 
tions  may  not  Is-  n-aligcd  unless  can-  is  usisl  in  sclis-ting  t In- 
radial  pitch  dislrihiilion. 

mm  or  tou  bnimn  axrto  imi  coMruitnMaiijTr 
on  raor*u.KR  i-H»a«cTRRmni-a 

The  effect  of  •Niinpri'ssihility  on  the  maximum  eflicie  icy 
of  NACA  pni|s-llers  having  dilfcrcit  hladc-sect ion  thick¬ 
nesses  is  shown  in  ligure  51  for  a  hlaile  angle  of  45°  at  the 
ll.75-radiii«  station.  Figure  41  t a i  shows  that  the  NACA 
i  10  (4 1 <  t II i  115  pnipeller.  which  lias  the  thickest  oiitisiard 
lilade  sections  in  the  t)  114-suhdil y  group,  suffers  the  greatest 
!  efficiency  losses  at  the  higher  tip  Mach  numla-rs  Tln-se 


t> 


•I 


•  • 


KKKE.T  OK  HLVDt-HK.TKlN  THK'KSKMM  DATUM  OX  AEKOIlV.X AMU'  I'HAII.llTEKIKTUH  OK  HKI.ATEIV  PKOPELUiKH  5 


kawni  Ih-jjui  for  this  propeller  at  a  lirliral  lip  Marti  iminlirr 
of  ahoul  0.X25,  ami  llir  Iona  amount-  lo  21.  pen-nil  at  a 
In-lira!  lip  Marti  nimil-r  of  1.1.  Tlir  loss  in  eHii-ii-iu-v  il in-  lo 
eomprraaihilily  is  more  ttrailual  for  I  In-  XACA  10  CllillK)  IClK 
pro|M-llrr.  ami  lln-  serious  In— r-  i|o  not  l>rj;in  mil  il  a  lirliral 
tip  Marti  iiiiiiiIht  of  alMinl  0X75  »  rrarlnsl.  For  lln- 
propeller  tin-  loan  in  rllirirnrv  iltir  lo  i-oiupreH-ihilil  v  amou.it- 
to  alMiul  til  prrrrnl  at  a  lirliral  lip  Marti  numtirr  of  I  I  The 
tiiaxintunt  rllirirnrv  of  llir  XACA  10  (3l(IIMi  0.’1  pn.prllrr, 
aliirli  has  llir  tliiiuie-1  lilailr  -reln.ii-  in  llir  0  ILT-aoliilil i 
t;roiip.  »  alMiul  2  iM-rivnl  higher  llian  llir  maximum  rilirirtiri 
of  llir  ollu-r  two  pmprllrm  in  llir  nuit;r  of  lirliral  lip  Marli 
iiiiiiiIht-  Ih-Iow  llir  rritiral  valor  The  rnliral  valor  of  lip 
Marli  iiiiiiiIht  i-  perhaps  -litthllv  Inislirr  for  llir  XACA 
in  CMONI  in  proprllrr  than  for  tin-  XACA  lo  CMOS,  o:lK 
pro|H-llrr.  ami  tin-  In—  in  inaMninin  rllirirnrv  ilm-  lo  ro-n- 
pn-sail.lhl v  amount-  lo  hImiiiI  Hi  |N-rrrill  al  a  lirliral  lip 
Marli  iiiiiiiIht  of  I  I 

Fi|fiirr  .11  la,  -how-  I  tin  I  u  n-ilorlioo  in  hla.lr-sn-ln.ii 
lliirkm-—  from  12  lo  x  prrrrnl  al  tin-  0.7-raihu-  -lalion.  or 
approximately  oiie-lhinl  all  alootr  lln-  railios.  rrsollr.l  in  a 
v;ain  in  pro|H-llrr  rllirirnrv  of  alaint  12  |H-r<s-nl  al  a  lirliral 
lip  Marli  iiiiiiiIht  of  l.l  Al  lln-  -aim-  lirliral  lip  Marli 
iiiiiiiIht.  a  millet  mil  in  lila<lr-«rrlioti  tlnrkiir—  of  only  dir 
in  Invars  I  hlaili-— ms*I  ion-  ifroin  :t0  lo  l:t  |MT,riil  al  llir  0.T- 
railin-  station)  ri-snltril  hi  a  tram  in  pro|H-llrr  rllirirnrv  of 
about  1  prrrrnl. 

Kit'll rr  ill  (In  -liovv -  lln-  rlfrrl  of  eiimpn-— ilvilit v  on  lln- 
lliaMIIIOIII  rllirirnrv  of  lln-  XACA  pmpi-llrr-  in  lln-  IMIl.i- 
-olnlilv  tiroop  A  tram,  lln-  pro|M-llrr  liavim;  lln-  llinkr-i 
oollaianl  lilailr  sertions.  XACA  111  ClilOSi  04.'».  -olfrr-  llir 
irn-ali-l  rllirirnrv  lows  al  lln-  IukIiit  lip  Marli  iiuniln-r- 

Froiil  a  lirliral  lip  Marti  nonilH-r  of  O.IDI  to  |  .|.  . . Ifincuey 

lo—  iltir  lo  i-oniprr—  ihilily  for  lln-  proprllrr  amount-  lo 
|s  |H-rrrlil  Ihrr  llii*  -aim-  rantp*  of  lirliral  lip  Marli  nutli- 
ln-r.  tin-  pm|N-llrr  liiivintr  llir  tlnnm--l  oiiilaianl  lilailr 
sertions.  XACA  10  l*1)), ll.*t)  (M.i.  Iia-  a  lo—  in  rllit-n-m-v 
ilm-  lo  lompri-— iliilil v  of  onlv  !•  |H-rrrnl.  Tin-  XACA 
10  i.l  1)1102 )  045  pro|H-llrr.  whirli  Iia-  tin-  Ihiekrsl  -liank 
-H-rlion-.  -Inm-  a  lo—  in  rllirirnrv  iliir  lo  isimpn-— iliilil v  of 
I  t  |H-n-rnl  al  a  lirliral  lip  Marli  nilinlH-r  of  l.l  These 
lt>— <--  al  lln-  luirlis-r  up  Marli  niimlHT-  an-  mon-  irra.lual  for 
llir  XACA  10  CIM002)  01.'.  pn.prllrr  Ilian  for  lln-  XACA 
10  l.lnosi  m.'i  pn>|H-llrr.  w Ini'li  Iia-  tlnnnrr  lilailr  sr.-lions 
al  lln-  -hank  Iml  tliirkrr  oiiilaianl  lilailr  -i-rlnm-  Tin- 
rritiral  valor-  of  lirliral  lip  Marli  iiiiiiiIht  an-  appmximalelv 
llir  -arm-  for  all  lln-  pn>|H-llrr»  in  lln-  0.045-sn|jility  vrnnip. 
anil  tin-  ilitTi-rrm-r-  in  maximum  rtlirirmy  an-  -mall  al  tip 
Marli  nunilH-r-  Ih-Iow  lln-  rriliral  valor  Tin-  maximum 
rlflrirnrv  of  tin-  XACA  10  f.tlllN>2i  045A  pni|H-llrr  i*  lln- 
-aim-  a-  for  lln-  tliinnrr  XACA  10  ciMOni  045  pni|H-llrr 
rxrrpl  nl  I  hr  lower  valor-  of  lirliral  lip  Marli  iiiiiiiIht.  when- 
lln-  lliinnrr  lilailr  prrhap-  Iia-  a  -lijilil  ailvanlain- 

The  rorvi*-  in  fimirr  ill  ll> i  -how  that  a  rrilorl ion  in  hlailr- 
-*-rlion  thirknr—  of  onlv  I  hr  nnllwianl  lilailr  -rrlion-  (from 
x  to  .*>  prrrrnl  al  llir  0 7-railiu-  -lalion I  rr-olli-l  in  a  train  in 
pn.prllrr  rfTirirnrv  of  about  12  |H-n-rnl  at  a  lirliral  lip  Marli 
nomlM-rof  l.l  At  lhi-«ame  lirliral  lip  MarhnoinlHT.a  mlor- 
tion  in  hlaih--i-rlion  lliirkm-—  of  only  lln-  inl-n.nl  blade 


-i-T ion-  (from  lti.lv  lo  lit  |a-m-nl  al  lln-  (l.il-ratlin-  -lalion) 
rrailllisl  ill  a  tram  in  pn.|H-llrr  rllirirnrv  of  alanil  II  (H-n-rnt. 
A  -mall  risloriion  in  lliirkm-—  (from  li. 2  lo  .*>  pen-mt  at  the 
o. 7-railiu-  -laliom  of  the  lilailr  -eel ion-  In-tween  lln-  -hank 
ami  lln-  lip  hail  lililr  rlfisT  on  llir  maximum  pn.pt-lhT  rffi- 
rirnry  for  tin-  eomlilion-  of  o|H-ralion  tested 

An  rxainiiialion  of  llir  llini-l  ami  power  isH-.'lirirnla  of  I  hr 
proprllrr-  i.peraliii):  when  the  rlfi-l-  of  ronipri-H-il.il il v  an- 
prr«rnt  may  pn.viilr  a  Ih-iiit  omlrr-iamlint;  of  lln-  n-oillH. 
In  litpin-  .12  the  ilim-l  ami  |h>wtt  isH-flirirnl-  for  maximum 
rlliriem-y  an-  -Itown  plolli-l  aptiu-l  lirliral  lip  Marli  iiuiiiIht 
for  llir  leal  propellers  al  a  lilailr  aii|H<-  of  45'  al  llir  0.75- 
railiit-  -lalion  Tin-  -ran-itv  of  ilala  pn-vrula  a  ilrfinilr  ea- 
lahliahmrlif  of  llir  rritiral  Marli  iiiiiiiIht-.  hut  llir  rurvra  in 
fitpin-  .'12  illu-tralr  lln-  ln-ml-  in, Inal, -I  by  tin-  ilala.  The 
nirvra  an-  somewhat  -ilnilar  lo  plot-  of  airfoil  lift  eoellieietlt 
atmiu-l  Marli  numlH-r  for  i-on-lant  anjrle-nf  allark  ami  aln.w 
t lint  merraaea  in  llini-l  anil  power  isH-llirirnl  iH-i-ur  In-fore 
lln-  rriliral  Marli  numlH-r  i-  n-arhisl  The  rriln-al  Marli 
numlH-r  i-  lutfhrr  for  lln-  pn.|H-lh-ra  having:  lln-  lliiiinrr  lilailr 
-eel  unis.  After  llir  rritiral  Marli  iiiiiiiIht  la  learheil.  then- 
i-  a  markisl  ihs-n-a-r  in  Ir.lli  llini-l  ami  |H.wrr  isH-llirirnl-  up 
In  a  lirliral  lip  Marli  iiiiiiiIht  of  appn.xtmali-lv  I  II.  al  whirli 
llir  power  riH-llirirnl-  Ih-(;iii  lo  men-aae  a -'a  in  anil  lln-  tliru-l 
riH-flinriil-  nlhrr  h-vrl  off  or.  in  lln-  ra«e  of  llir  lliinnrr 
lilailr-.  Ih-jjui  lo  im-n-a-r  atram.  Tlir-r  rhaiitn--  in  llini-l 
ami  |H.wrr  isH-flinrnl-  whirli  ms-nr  with  .Iia  rip--  in  lirliral 
lip  Marli  iiiiiiiIht  are.  with  one  rxrrpl  ion,  )e—  abrupt  for 
llir  |in.|H-llrr»  havilii;  llir  tliirkrr  lilailr  -ret ion-  Tin-  -High- 
oXeeplinti  i-  tin-  XACA  111  Cl.tOXi  04*.  pn.|H-llrr.  whirli  ha- 
rrlalivrlv  linn  -hank  -—-lioli-  bill  I  link  oiillH.anl  l.lailr  »-• 
•  inn-.  Tin-  rnrvi-  in  lijfxin—  II  ami  .12  -how  lliat  lln-  railial 
ih-lribiilion  of  b|aili-*-i-'ln»n  ihn-km*—  rainn  ha-  a  pnv- 
iii.iinnsl  rffisl  on  lln-  rharaiTi-ri-l ns  of  pn.|H-llrr«  o|H-ralin){ 
al  lirliral  lip  Marli  iiiiiiiIht-  aln.vr  lln-  rnliral  value 

Any  rlfirirnry  i-.in|Mri-on-  of  lln-  pn.|H-lh-r-  in  lln-  IMKI- 
— ,b<li<y  t:n>up  w  it  It  lln-s-  in  lln-  (1  04.*»— atli*lil  v  irnmp  m  onlrr 
In  -luilv  the  i-lTis-l-  of  I hirhiii-*-  ralio  will  mrluilr  llir  elTerla 
of  -oliililv:  Im.wi-vit.  lln-sr  i-fb-T -  an-  -mall  (of  lln-  onlrr  of 
2  |H-n-rnl '  ami  -nine  t^-m-rahxalion  may  In-  |H-nuiili-l  ih—pile 
lln-  variBl.i.n  m  -ohilily  The  XACA  pn.|H-lh-r-  iIi-hti—isI 
m  lln-  ri  |-iri  an-  rlinrlv  n-lali-l.  ami  lln-  a— iimpliou  may 
Ih-  mailr  lhal  lln-  railial  ili-lril.ulioii  of  i-hiuIht.  -oliilil.V, 
ami  l.|ailr--is-ln.n  lliirkm-—  i-  a  ri-a-oiiablr  opimium  for  the 
U-lli-r  pn.prllrr-  Willi  1  hi- ipTu-rali7.nln.ii  in  inimt.  lln-  ilala 
for  llir  XACA  pn.|H-llrr-  may  «rrir  In  imliralr  llir  rnlli- 
pn*— iliilil  v  Iihss  lo  Ih-  i-X|h-TisI  for  pn.|H-lliT-  liavmt;  various 

I. lailr-««s-li..n  lliirkm—  ralim. 

Tin- riirvr*  hi  fitrurr  T.(  -Inm  lln-  varialion  of  maxiinuin 
pn.JH-tlrr  rllirirnrv  Willi  I tllrkll.'—  ralio  al  llir  (I  7-.lull.IS 
-lalion  for  i-’U-Intil  valu.s  of  lirliral  lip  Marli  iiiiiiiIht. 
Al  a  lirliral  tip  Marl.  iiuiiiIht  of  li.iNNI  ami  Marli  nuiiitier 
o|  ailvaiin-  of  ll  -V2U.  lln-  maximum  rllii  n-nrv  of  a  pn>|H-llrr 
ina v  Ih-  inm-a-isl  nppn.ximalrlv  7  |H-m-nl  l.v  n-luriiuj 
I  hr  l.laih— i-rl  n.n  il.irknis-  fn.m  12  lo  |a-ns-nl  al  llir 

II. 7-railiu-  -lalion  For  do-  Marli  iiiiiiiIht  trrailiriil  aloni; 
lln-  l.la.lr,  llir  role  of  rhunifr  «f  maxiinuin  pn.|n-llrrriririrnry 
with  lilailr— *s  l i«n  dnrkm—  i«  -mall  for  ilnrknr— >s  up  lo  12 
permit  al  lln-  u7-riiiln.«  -lalion.  ami  litrun-  imliralr* 
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that  mliinioiw  lu  Ma'lr-aretion  ilm-kmiM  Ih-Iow  .*>  prrn-nt  tl 
tlir  0  7-ra«liu*  nation  Kill  prol>al>ly  inrrrair  I  lie  maximum 
pfRriilu'V  (rri  lilt  I**  lloarvrr.  at  a  lirliral  tip  Marli  iiuiiiImt 
of  I  I  ami  a  Marli  iiiim>H*r  of  ailvam-r  of  0  H2.V  tin-  maximum 
rffirtrury  of  a  proprllrr  may  In-  tiuTraml  appro.ximatrly  'Jtl 
prrirot  l>\  niliii  ini'  llir  lilailr  Mi  tion  tliirkm-M  from  12  to  .*■ 
pcrn-nt  at  tin-  It  T-railiii*  it  at  ion  Kor  t  Inn  In^firr  Marli 

liiimlM'r  tfrailirot  along  tin-  Itlailr.  tin-  rati*  of  iiiaii|;i*  of  inavi- 
tii i ■  in  propi-lli-r  rflirirliry  a  itli  lilailr-arrtion  tliii-ki ma  n 
prntiT,  ami.  for  tlurkm-wi  Utaii-n  12  ami  **  |H*nvnt  at 
dll*  ll7-railiin  Itation.  till*  Ilia X l lit ll III  rllirirliry  uurrani 
approximately  I  |a*rrrli»  for  rarli  iln-rram*  in  llnrknm«  of  I 
prrrriu  at  tin*  itation  Kor  t Itirkmxatn  In-i a i-i-n  s  ami 
prniiil  at  tin*  n  7-railitii  itation.  tin*  rati*  of  im  ri-aM*  in 
proprllrr  I'Hinrtiry  ta  it  It  riiliii'liona  in  IJbiIi-imiIioii  1  Inrknin 
»  mialli'r  Kiguri*  l.l  imlli'atii  that  fnrtlirr  niliirliom  in 
tlin  kmn  may  -t ill  imprnti-  tin*  maximum  rllinniry  of  pro* 
|N*lli*ri  operating  at  lo-liral  tip  Marli  iiiinilH-ri  ai  lugli  ai  II. 
partirnlarly  for  romlitiom  of  o|N*ralio>i  a  lirrr  tin*  Marli  niiiii- 
Imt  of  ailvanri*  ii  Ink'll  m  that  largr  |nrt loin  of  tin*  Mailii  art* 
lulijrrtiil  to  I  In*  rlfri'ti  ol  air  riiniprinilnlity 

roMLlsliiN.H 

An  iii\i*4ti|>ation  of  a  htui  of  |il*fiMit>iliaitirlrr  tao-lilailr 
NAt'A  prn|M*lli*ri  ililTrrmg  in  lilailr-ni  tion  ilockm-w  liai 
ln-1'11  roinplrlril  for  a  rangi-  of  li|u>!r  augli-  from  •Jit’  to  .W 
at  ain|»*i*ili  op  to  .Mai  imln  |»*r  Imur  Tlir  nmlti  of  linn* 
inviiligalmni  liatr  Ih*i*ii  rnm|Mnil  to  alfonl  an  rtalnalion 
of  tin*  rlfrrli  of  lilailr*n*i  tion  tliirkniKi  ratim  on  prn|M-llrr 
arriili  nainn  rliarartrriitin.  a*ul  tin*  folloa mg  iiitirliinolii 
may  lirilraaii. 

1  Tin*  i*llvi*lii|n*  i*Hirii*iirni  of  all  l In*  V.\<‘.\  pro|H*llrri  ari* 
Ini'll  at  tin*  loarr  Marli  IiiiiiiIhti  at  aim  Ii  tin*  aihi-ru*  rlfii  li 
of  riimpmiilnlity  arr  miall  Tin*  liiglirr  rut  i*Iii|n*  rllirirtiriii. 
hoarvrr.  arr  attaimil  lo  tin*  prn|N*lli*ra  liaxmg  tin-  ilniilirr 
lila'Ii*  wrtliill.i  Tin*  linrlliil  rlTlrirmui.  alaillt  K.t  |H*rri*nt 
al  a  In-lirtil  lip  Marli  iiiiiiiInt  of  II  <1  ami  v|  |M*r<  eiit  at  a 
hrliral  tip  Marli  mimlirr  Ilf  t  t.  rrllia-t  tin*  im|nirtallrr  of 
mini'  tlnn.  rllii  n  ut  airfoil  «*•  liom  t liriitiycliiiii I  tin*  lilailr 

2  Kor  |iro|a*l|rr  ii|n*raiion  ai  militant  nitational  i|aiil 
I  l.l  III  rpm*  ami  |Ki»rr  ipro|n*||i*r  |Miarr  rorlfiririil,  It  l.'n  al 
hrliral  tip  Marli  iiiiiiiImT**  la*loa  II  x. 

i a  i  A  rnliirtion  in  l.la.1  ilurkiir**  fmni  12  in  h 

prrrent  At  tlir  7-raihu*  *«tnt mu.  nr  Appmxinuitrlx  nrir-lliinl  j 
nil  nlnhir  tlir  rmliii!*.  ri**ull*  in  pnn*  in  pm|N*ll**r  rHinni.  N  up  j 
In  Itt  fM*n*«*nt  f 

||»I  A  rnlurholi  in  lilmli’^Ttiitli  tVnrkm***  nf  milt  tin*  III-  j 
Ma«I**  i  fn>m  -tt*  tn  l.l  |k  rr  »  tit  nf  tin*  o  .i-nnlm* 

AtAtinn*  rt**t|lt*  in  tfAin*  in  pm|N*||**r  rffinrtiry  up  tn  in 
prnrnt  1 

tv\  A  nMurtion  in  Mmlr^TtHiii  lliuktu***  nf  only  tlir  nut* 
Iwmni  M««lr  *rrtioiu»  # front  *  In  fH-rn  tit  At  tin*  nTrnrhu*  1 
Mahon i  ri*ull*  in  jn»ir«  in  pm|N*llrr  rffinrnrx  up  In  4  prrrmt 
:i  Kor  nprrAtion  At  a  MaiIc  anjrli’  nf  4.V  At  tlir  n  7  V  rail  hi* 
Mahon  An«l  a  lidiral  tip  Marli  nuniln  r  nf  I  1 .  tlir  In**  m  ioax- 
tmum  prnprlliT  rfTirirnry  »lur  tn  rompn^llHlitv  amount*  tn  \ 
2t>  prrrrfit  for  tin*  NACA  proprllrr  having  a  Mn(l(‘-*<rlinn 
thirknr**  nf  12  prrrrn!  At  tlir  0  7-railm*  «t Alton  Tlirrorn*- 
apotKlintflu**  in  m»timum  pmpdlrr  rffir irnr \  Amount*  toonlv 


W  n  «  for  tlir  \  M  'A  pn»|N*llrr  Iiamii^  a  lilAilr-fMa  linii 
tllirktifMA  nf  '»  |k*rrrtil  Al  tlir  it  7*nulm*  KlMtmli 

4  Al  A  lirlirAl  lip  Marli  UUIIiImt  of  IMNMI  aihI  Marli  Ii  ll  III  ' 
U*r  of  a«l\  Alirr  nf  It  V2II.  tlir  ralr  nf  r|iali};r  nf  liiAXiinutii  pm* 
|m*||i  r  rllii’inu  N  turn  tlm  Um*ss  i**  muaII  for 

tlm  knoMMM*  up  tn  12  |k  n**iit  n I  tin*  0  7-nnliu*  *lAtmti.  aihI 
rinlllrtiniMi  ill  Ma<lr'*r**tiott  tliirklu*^  Im*Iuii  *i  |NTrr||t  At 
tin*  ntatinti  Hill  pmluiMv  iiirrrMM*  «lir  min miiiiiiii  rfli«nn*  \ 
wry  lit  tU* 

At  a  In  liral  tip  Marli  iiuiiiImt  nf  I  I  aim!  Marli  iiiiiiiImt 
nf  A«l\  Alirr  nf  It  l»2*V  tlir  IIIAXIIIIIIIII  rtlirir*|r>  nf  A  prn|M*||rf 
itiA\  In*  uirri*AfM*tl  HppmxiiiiA («*l\  20  |M*r«  riit  l»\  mlm  uijr 
till*  I»la«|i  -*M*<  IH»||  tlurklH^**  fnuii  12  tn  ’»  jK-ivrlil  Al  till*  0  7* 
mi  Ini'*  «IaIiu(I  Ki»r  l»lA«lr-%i*rli«*U  1 1 1  irk  ll<  *«><*«•**  ImImii’H  I  2 
aii«I  s  |M*rrriit  At  tin*  0  7-nuliit**  «iAtm.i.  tin*  iiiaxiiiiuiii  «*ffi* 
ririn  x  iimTi'Am*^  Appm\||||Alr|\  .1  |M*n  rill  fur  rarli  th*«m»*M* 
III  t)n«  kill*'**  nf  |  |M*rri*lil  Kor  li|Ailr*«*4*«-|  |i»!i  tiiirk|ir*<*r% 
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l O )  NACA  i0-(3)(08)-03 

NACA  i0-(3)(08)-03R 
NACA  iO-(3Kl2)-03 


NACA  i0-{3){08)-03 
NACA  I0-(3K08)-03R 
NACA  l0-{3)(i2)-03 


(b) 


(a)  Itlade  sections  at  0.3-radius  station. 

(b)  Blade  sections  at  0.7-radius  station. 

Fkitre  5. — Comparison  of  blade  sections  at  two  radial  stations  for 
NACA  propellers  having  a  solidit y  of  0.03  per  blade  at  the  0.7-radius 
station. 
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NACA  iU-(3M062)-045A 
NACA  l0-(3)(08)-045 
NACA  l0-(3)(062)-045 
NACA  10 -(3X05) -045 
NACA  10 -(3X062) -045 A 
NACA  10 -(3X062) -045 
NACA  l0-(3)(06)-045 


(b) 


(a)  Blade  sections  at  0.3-radius  station. 

(h)  Blade  swi ions  at  0.7-radius  station 

Fir. i'hk  7. — Comparison  of  blade  sections  at  two  radial  staiions  for 
XAC.V  propellers  having  a  solidity  of  0.045  per  blade  at  the 
0.7-radins  station. 
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(r)  Pro|H'llrr  efficiency. 

Fim'rk  S-  Conclude*!.  Rotational  sfwed,  J.l  10  ppm. 
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(ft)  Pm|M‘)t<T  thrust  fttwl  rnrllirirnt^. 

FiurRK  10. ■—  Charartmslu’*  of  XACA  l<M.*f/((Mt2M>J.fA  profM'lliT.  Hotafimiftl  J  .'ittti  rjui 


Pot*  coefficient,  Cp  Tt»u»<  coefficient,  CT 
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*l»»  Prtijw'VIf'f  |Mm«  r  r*w»ffirN*i»t. 
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(h)  Power  coefficient 
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Advance  rafo,  J 
(o)  Profiler  efficiency. 

FiGt  RE  18. — Concluded.  Rotational  speed ,  1,350  rpm. 
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(a)  Propeller  thrust  coefficient. 

Fiot'RK  22.— Characteristics  of  NA<’A  10  (3) (05)  045  propeller.  Rotational  sfieeil.  2,100  rpm. 
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(b)  Propeller  power  coefficient. 

Kuh  rk  22. — Continued.  Rotational  Hpeed.  2,160  rpm. 


(c)  Propeller  efficiency. 

K ifst'KK  22.  ('oncluricd.  Rotational  apceri,  2,160  rpm, 
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Advonce  rot«o,  J 

la)  Propeller  tliruat  and  power  coefficients. 

Fuji  re  23. — Characteristics  of  XACA  10  (3)(05)  045  propeller  at  hi«h  forward  •*i**eds.  Mach  number 
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Fim’rk  29. — The  effect  of  airspeed  on  the  dilferniw  in  efficiency  l>etwocn 
thcXACA  10  (3)(0K»  03  and  N  AC  A  10-<3)<12>  03  two- Made  pro¬ 
filers.  Constant  profiler  rotational  spwd.  1,140  rpm:  constant 
power  coefficient,  0.15. 


Fioi'rk  30. — The  effect  of  airsf  ed  on  the  difference  in  efficiency 
between  the  XACA  10  (3x05)  045  and  NACA  10  (3)(0H)  045 
two-blade  propellers.  Constant  propeller  rotational  sjieed, 
1,140  rpm;  constant  power  coefficient.  0.15. 
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coinprrxsihilii y  on  tin*  thrust  and  powor  coefficient*  for  maximum  efficiency  of  NAC'A  propeller*  having  different  i>ladr- 
scction  thicknesses.  6oi«k  15°. 
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Kioi  re  33. — The  effect  of  thickness  ratio  and  compressibility  on  the 
maximum  efficiency  of  the  NACA  profilers,  do.:** —  45°. 
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